trident hands, genu recurvatum, lateral torsion, saddle nose, and macrocephaly [1] [2] [3] . Due to abnormal development of generalized skeleton, those patients often experience low back pain and neurological deficits related to spinal stenosis such as radiation pain or numbness over the lower limbs [4] . Stenosis occurred in the spinal canal has been known as abnormalities of endochondral ossification and earlier fusion in the developing vertebrae [5, 6] . The symptoms of spinal stenosis associated with achondroplasia often worsen in adulthood. This delayed development of neurological problems could be resulted from herniation of the nucleus pulposus, degenerative spurring of the vertebral facets, or hypertrophy of the ligamentum flavum [7] . The most common involvement is L2-3 level [7] . Acute limb paralysis is often correlated with sudden physical exertion or an accident, which lead to subsequent surgery inevitably [3] . We report a young adult with achondroplasia, who developed sudden-onset paralysis of both lower limbs. After refusal of surgical intervention, he underwent high dose steroid and rehabilitation. Four months later, neurological deficits obviously faded away. Steroid regimen combined with comprehensive rehabilitation has never been suggested as an effective treatment for acute paralysis in achondroplasia. We offer our experience and make a broader discussion about achondroplasia, including its related problems and treatment options.
Case Report
The patient was a 22 year old male who was diagnosed as achondroplasia at his infancy. None of his family members were affected. The patient was in good health except for occasional complaints of low back pain. In March 2003, he reported severe low back pain without clear history of trauma or heavily lifting. Three weeks later, symptoms had progressed to marked lower limb weakness with difficulty in ambulation. Neurosurgeon examined him and found decreased sensation to pinprick and light touch below the L2 level bilaterally. The American Spinal Injury Association (ASIA) motor scores were right/ left 7/8 in lower limbs; urinary retention was also found. Paresthesia developed at both lower legs. Deep tendon reflexes decreased. Magnetic Resonance Imaging (MRI) showed severe spinal stenosis from T12 to L5. Surgical treatment with decompressive laminectomy was suggested, but refused by him and his parents. He had to be treated with intravenous methylprednisolone as protocol in the Second National Acute Spinal Cord Injury Study ( NASCIS II ) trial ( i.e., a bolus of 30 mg/kg in 15 minutes followed by 5.4 mg/kg/hour for 23 hours) [8] . Two days later, he was moved to our department due to persisted signs and symptoms even minimal improvement.
Upon observation, the patient showed short stature with typical achondroplastic characteristics, including trident hands, genu recurvatum and macrocephaly. Standing ability was remarkably reduced. Hypoesthesia below L2 dermatome presented in the both sides. There was hypoesthesia around the perianal region, but anal sphincter tone was normal. Babinski's sign and Hoffman's sign were negative. Urodynamic studies revealed detrusor hypereflexia, decreased bladder capacity and dys-synergia. X-ray films showed deformity of the L1 and L2 vertebral bodies ( Figure 1 vertebrae T12 to L5 (Figures 2 and 3 ). The conclusion drawn from the electrophysiological studies was bilateral lumbosacral radiculopathy. However, the minimal involvement of thoracolumbar spinal cord lesion contributed to lower limb paralysis could not be excluded.
An anteroposterior diameter of less than 10 mm is considered as "absolute stenosis" and a diameter of 10 to 12 mm as "relative stenosis".
Because an anteroposterior diameter of less than 10mm is considered as "absolute stenosis" and a diameter of 10 to 12 mm as "relative stenosis" the patient was diagnosed with spinal stenosis from level T12 to L5.
Because his parents refused surgical decompression of the spinal column, steroid therapy was maintained. Intravenous Rinderon was given (4 mg q8h from March 24 to March 27, and then 4 mg q12h from March 27 to March 30), and then shifted to oral prednisolone (10 mg tid from March 30 to April 11) . Over this period, the motor score increased to right/left 16/19 and sensation to pinprick and light touch also improved gradually and he started to receive comprehensive rehabilitation in addition to steroid administration. The rehabilitation program included stretching exercise, strengthening exercise, electrical stimulation, and postural education. He was discharged on April 11, 2003 and maintained his rehabilitation programs at outpatient. Four months later, in July 2003, he could walk unaided with a walker for 50 minutes; even bilateral drop foot remained. The motor score increased to right/left 18/20. He was able to void normally; however, constipation and mild paresthesia of lower limbs still persisted.
Discussion
Achondroplasia has an estimated incidence of 1 per 26000 people, and it is the most frequent and well-known form of dwarfism [1, 6] . It is caused by mutation in the FGFR3 (Fibroblast Growth Factor Receptor 3) gene; only a few cases demonstrate autosomal dominant inheritance, with the rest representing new mutations [7, 9] . The function of FGFR3 is to regulate endochondral ossification by slowing the growth rate. Therefore, when mutation results in over-expression, the growth of long bones becomes limited and the height of affected adults is usually around four feet (120 cm) [10] .
Characteristics of achondroplasia consisted of clinical features of appearance and neurologic complications, for instance, hydrocephalus, cervical compression and neurological deficits after spinal stenosis [7] . Spinal stenosis is related to aberrant endochondral ossification, in which there is premature fusion of the chondrification center, thickened lamina, and shortened pedicle, hypertrophied zygapophyseal joint and even lower height of the vertebral body [5] . These vertebral abnormalities create a discrepancy in the diameter of the osseous canal and neural structures that results in increased intraspinal pressure, typically at the level of L2 to L3 [6] . Patients with achondroplasia and symptomatic spinal stenosis often experience back pain, which may progress to lower extremity pain and debilitating consequences. Anatomic anomalies of the vertebral column place the patient at risk for spinal stenosis as early as the first decade and especially during adulthood [4] . Schkrohowsky et al. studies the likelihood of developing symptomatic stenosis by measuring canal diameters radiographically, and found that those "at risk" for stenosis had a significantly larger average percentage decrease in the transverse interpedicular distance from T12 to L5 (-8% vs. -19%) and a significantly greater thoracolumbar kyphosis angle (24.2-degree angle vs. 14.1-degree angle), when compared with controls [11] . A study investigated the natural history of pain associated with spinal stenosis in individuals with achondroplasia, and the results showed that patients reported significant progression of pain toward involvement of the lower extremities and significant increases in lower extremity pain severity overall. Compared with patients with back pain only, those with back pain and proximal or distal leg pain had higher self-rated pain severity; higher functional disability; and more bowel and bladder dysfunction symptoms, sleep disturbances, extremity numbness, and psychological distress [5] . A group of surgeons, major in limb lengthening operation, screened for spinal stenosis at risk in children with achondroplasia, and concluded that female sex, delayed milestones and a tight cervicomedullary junction as high risks [12] .
Skeletal abnormalities are known to cause neurological morbidity and lead to a shortened lifespan [7] . The symptoms of spinal stenosis include low back pain, paresthesia, neurogenic claudication, and even sudden-onset paraplegia [3, 7] . Paresthesia is described as tingling, pin-pricking, numbness, burning, or a sleepy or dead sensation in the legs; paresthesia was present in our patient. The symptoms derived from spinal stenosis are usually bilateral and asymmetric. The straight-leg-raising test is usually negative [13] . EMG study is usually abnormal, but not a specific finding [13] . The average age at onset of symptoms is 38 years. Fewer than 10% of patients have such neurological symptoms at 10 years old, compared with 20% by the end of the teens and 80% by the 50s [1] . This delayed development of neurologic problems can be caused by size of the spinal canal, herniation of the nucleus pulposus, degenerative spurring of the vertebral facets, vertebral mal-alignment, vertebral instability, increasing lumbar lordosis, and hypertrophy of the ligamentum flavum [14] . Occasionally, neurologic complications may be abrupt in onset following undue physical exertion, like our case. Hamamci et al. reported spinal cord lesion occurred in 3 cases with achondroplastic dwarfism. All the 3 cases underwent surgical intervention, and obtained better recovery [14] . Wieting & Krach also described a case of a 12-year-old achondroplastic patient who incurred an apparently nontraumatic cervical cord infarction with resultant quadriplegia. The disable case was also treated by high dose steroid together with intensive multidisciplinary rehabilitation, and obtained better outcome, like our case. Coincidently, the 12-year-old boy did not have apparent cause, like ours, too [15] . Di Fabio et al. reported a case of achondroplasia suffered from acute paraparesis after lumbar bending as well [16] .
Eligible treatments for patients with lumbar spinal stenosis vary. Conservative treatment is suitable for patients with mild to moderate symptoms [17] . Operation is generally indicated in cases of acute cauda equina syndrome or in condition with rapidly worsening neurologic deficits [18] . Our case had acute-onset paralysis, which is appropriate for surgical intervention. After refusal for operation, he started to receive methylprednisolone as the NASCIS II trial [8] . When some evidence of improvement appeared, rehabilitation programs were added. Four months after discharge from the hospital, the functional recovery revealed good.
Methylprednisolone, a synthetic glucocorticoid as gold standard in the management of acute spinal cord injury, is effective due to its inhibition of lipid peroxidation and hydrolysis preventing breakdown of the cell membrane [8, 19] . It also increases blood perfusion of the spinal cord when given after an acute injury [8] . It is universally knowledge that administration of methylprednisolone has been confirmed for treatment of spinal cord injury, but not consensus in spinal cord lesion yet [20, 21] . The above mechanisms might provide reasonable explanation for functional improvement observed in our case, no matter what radiculopathy/myelopathy or not.
The rehabilitation program for our patient mainly included stretching exercise, strengthening exercise, electrical muscular stimulation, and postural training. The goal of stretching exercise for hamstring and lumbar paraspinal muscles and strengthening exercises for the abdominal muscles were to decrease extension forces on the lumbar spine [17] . Extension of the spine can lead to posterior protrusion of an intervertebral disc and bulging of the ligamentum flavum, which can cause more narrowing of the spinal canal [17] . Therefore we stretched the patient's hamstring and lumbar paraspinal muscles, the agonist muscles to lumbar extension, and strengthened the abdominal muscles, the antagonist muscles to lumbar extension. We also strengthened the patient's gluteal and quadriceps muscles to enhance ambulation. Electrical muscular stimulation was given because it might prevent muscle atrophy. Finally we instructed the patient to keep proper posture and avoid lumbar extension to prevent further deterioration or recurrence of his neurological complications.
Conclusion
In summary, patients with achondroplasia and spinal stenosis sometimes develop acute neurologic deteriorating status, such as paralysis. If surgical intervention is unavailable, high dose steroid and comprehensive rehabilitation should be commenced as soon as possible, like our case. We attempt to bring attention to the role of methylprednisolone and rehabilitation for patients with spinal stenosis. Further study is needed to find any criteria that would identify patients most likely to benefit from conservative treatment.
